In this study, a number of problem solving methods and problem solving strategies developed by the researcher in the teaching of "Geometric Optics" unit 
Introduction
Even though students often encounter issues related to science subjects in everyday life, science lessons are a difficult field for students (Ünal & Ergin, 2006; Özgün-Koca et al., 2006; Çoruhlu et al., 2009; Karamustafaoğlu et al., 2012; Yeşilyurt & Gül, 2009) . Research shows that social factors such as class, school, environment, society, family, race, language and culture; genetics factors such as gender, ability; affective characteristics such as motivation, selfperception, anxiety, attitude; and teacher attitudes, factors such as assessment and learning teaching strategies are factors that affect students' failure (Bulut, 2006) . In addition, it is a known fact that students have difficulty in relating science lessons to everyday life and are forced to abstract the concrete concepts.
Physics is one of the areas covered by science. Physics is the task of understanding the universe, learning the causes and consequences of events in the environment, and expressing them in mathematical methods (Aydın, 2007) . At the same time physics is one of the disciplines that are difficult to understand because it contains concepts that are difficult to understand and that are not explained visually. In order to overcome this fundamental problem, physics lessons should be made more interesting and understandable (Topuz, Gençer & Bacanak, 2013; Sarı, 2015; Alptekin et al., 2009 ). According to Eryılmaz & Akdeniz (2013 ) from Docktor, Strand & Mestre (2010 , the main purpose of the physics course is to understand the basic physics concepts and the second is to develop problem-solving skills. Therefore, it is necessary to use different methods and techniques in order to increase the students' knowledge of physics and to make teaching and learning more enjoyable (Akçadağ, 2010; Başcı & Gündoğdu, 2011; Karataş & Güven, 2003; Çorlu, 2014) .
Problem-solving skills need to be taught from childhood and developed during school years. The technique used for problem solving in the form of "given-desired-solution", which is often used in primary school levels, is an important stage in which this evolving infrastructure can be created. The inclusion of problem-solving training in education allows for the development of high-level cognitive skills such as thinking styles (scientific, critical, reflective, creative, analytical, etc.) and problem solving in students. Gaining problem solving skills for students should also be considered as important issues in science and physics teaching (Demir, Maskan et al., 2009; Saracaloğlu, Serin & Bozkurt, 2001) . As the most basic component of science education, physics is the most specific field in which conceptual and operational learning are used together in terms of its subjects. One of the topics that emphasize conceptual and operational knowledge in science education and especially in physics education is the optical conception. Also teaching of the optics is very important because it is the basis for learning some other topics in the physics curriculum program. For this reason, the understanding and solution of geometric optics problems requires the conceptual and operational learning to be carried out together.
The purpose of this study is to compare the academic achievement of the students who solve a large number of problems in the geometric optics unit of the 10th class physics course and the academic achievements of the students who solve the problems using the problem solving strategies in the same subject. At the same time to determine the effect of teaching problem solving strategy on students' attitudes towards optical unit.
Methodology
Research model: Because of the combined use of quantitative and qualitative data in the study, the research model is a mixed method. Mixed method researches focus on the collection and analysis of both quantitative and qualitative data in a single study (Duban & Yelken, 2010) .
Universe and Sampling: The research was carried out on the 10 th grade students studying in an Anatolian high school in Erzincan city in Turkey in the second half of the 2015-2016 academic year. The sample of the study consisted of 95 students in the tenth grade of this high school. 32 students in experiment group 1, 32 students in experiment group 2 and 31 students in control group took part.
Data Collection Tools: In this research, "Physics Academic Achievement Test" developed by Bülbül (2009), "Optical Attitude Scale" developed by Şengören (2006) and face-to-face interview questions developed by the researcher were used as the data collection tolls. The Cronbach alpha reliability coefficient of the PAAT applied to the experiment 1, experiment 2 and control groups as the pre-test by the investigator was calculated as 0,67 and the reliability coefficient of the OAS was 0,60. Kalaycı (2005) stated that the scales with .60 ≤ α <.80 are "highly reliable".
Analysis of Data:
In the analysis of quantitative data, independent t -test included in SPSS 20 package program and one -way ANOVA for independent samples were applied and the results were interpreted statistically according to the level of significance p <.05. The analysis of qualitative data was analyzed using descriptive analysis technique.
Implementation of the study: In the research 10/A, 10/B and 10/C classes were applied to the Physics Academic Achievement Test developed by Bülbül (2009) as pre-test and post-test. The data obtained in the pre-test were subjected to the ANOVA test in the SPSS 20 packet program and because there was no statistically significant difference was between the classes (p = 0,114, P>0,005), the groups were selected as "Experiment group 1", "Experiment group 2" and "Control group" randomly. The study was carried out by the researcher him/herself in the control and experimental groups. In the study groups; reflections in plane mirrors, convex mirrors and concave mirrors, image formation in mirrors, refraction in convex lenses and concave lenses and image formation in lenses in the unit of geometric optics were taught. In experiment group 1, a number of problem solving methods were applied while problem-solving strategy was applied in experiment group 2. In the control group, expression the subjects of geometric optics and problem solutions method were made on the basis of traditional method. The related problem solving strategy consists of 4 stages. These; 1. Analyzing: The phase of the onset of the problem. "Aware of the problem/understanding phase". It is the first step in the conceptual dimension of the problem.
2. Synthesis: The step of combining the information that the knowledge learned to solve the problem. It is the conceptual dimension of the problem and the phase in which the learned knowledge is integrated into the mind.
3. Representation: The stage in which the information to be used for the solution of the problem is transferred on a figure. It is the first step of the operational dimension of the problem.
Solution:
The data shown on a figure and transferred into the appropriate physical formulas solved and then adapted and interpreted to the physical realities. At this stage, the problem is solved and the result of the solution of the problem is discussed and tested for conformity with the physical reality.
Findings
In this section, the findings and interpretations of the data collected in the research are presented as a result of statistical analysis. Table 1 shows the t-test results between the pre-test and post-test scores of the control group. It is understood from the table that there is a statistically significant difference between PAAT pretest and post-test scores applied to the control group and that this difference is favorable for the post-test (p<0,05). Table 3 , it is seen that the average score of 32 students in experiment group 1 increased from 5.56 to 8.28 and this difference is statistically significant (t=-,849: p < 0.05). Table 4 . t-test results of pre-test and post-test of experimental group 2. Table 4 shows the average scorest test between pre-test and post-test scores of experiment group 2. The relevant table indicates that the final test score average of the experiment group 2 in which the Problem Solving Strategy is applied is higher than the pre-test point average. As can be seen from the table, it is understood that the results of the independent t-test between the success pre-test and post-test of the experimental group 2, in which the problem solving strategy is applied, is statistically significant (P <0.05). Table 5 . t-test average scores of post-tests between the experiment group 1 and experiment group 2.
In Table 5 , it is seen that the success level of the experiment group 2 in which the problem solving strategy is applied is higher than the success level of experiment group 1 which solves many problems with the conventional method. It is understood from Table 6 that the independent t test results of the posttests are statistically significant between the experiment group 1 in which many problems are solved and control group in which the traditional lecture method is applied. In other words, it can be said that experiment group 1, which has many problems solved, is more successful than the control group. Table 7 . Average scores of t-test between control and the experimental group 2. Table 7 shows that the average of post-test of the control group is lower than the post-test average of the experiment group 2. According to these results, the success level of the experiment group 2 in which the problem solving strategy is applied is higher than the success level of the control group in which the traditional method is used (p>,005).
Result and discussions
It was determined that there was a statistically significant difference between PAAT average scores of pre-test and post-test of control and experimental groups. In Table 3 , when the pre-test and post-test average scores of the students in experiment group 1, in which a large number of problem solving methods were used, were taken from PAAT, the post test scores averages are higher than the pre-test averages As seen in Table 2 likewise, in the achievement test, post-test average score of control group was higher than the pre-test average score (Bayrak, 2008) . When the students' averages scores of pre-test and post-test were examined in the experiment group 2 where the problem solving strategy was applied, it was seen that the post-test averages were higher than the pre-test averages (see , Table 4 ) (Kıray, 2003) .
The average score of PAAT final test score of experiment group 1 was 8.28 while the average score of PAAT post test score of experiment group 2 was found to be 13.81. According to these results, from the average points of post-tests, it was seen that there was a significant difference between the experiment group 1 and the experiment group 2 in favor of experiment group 2. This implies that the teaching method supported by the problem solving strategy is more effective than the conventional problem solving method. Byun & Lee (2014) solved an average of 2200 sciencerelated problems in their work and investigated the academic achievement of students in solving these problems. As a result of their study, they stated that although the students solved a large number of problems, there was no statistically significant relation between the academic achievements at the end of the applied physics competition. When the PAAT scores of experiment group 1 and the control group were examined (Table 5) , it was seen that there was a significant difference in favor of experiment group 1. It was seen that from the results of PAAT there was a meaningful difference in favor of experiment group 2 when the PAAT applied to the students of the control group where the traditional method was applied and the experiment group 2 where the problem-solving strategy was applied (Table 6) . Similarly, Doğruluk (2010) concluded that the problem-solving method enhances the academic achievement of students and that the learning influences the academic success in a positive way, resulting in parallel to the results of this study. It was stated that the problem solving strategies applied in the studies were more effective than 
